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TNTRODUCT ION

Eatonia has had a producins oil shale industry since the 1920's., A
United States oil shale resource has peen recognized sinee the early
19N0's, but acommercialization hna been postponed by the iower cost of
petroleum products, The decrensing world supply of oil promises to bring
abnut an expansion of the Estonlan produrtion and the growth of a United
States industry. Smmples of Estonlan and Green Rivor shalo have been made
availab!r wmder a joint US/USSR onvirommental protection aéreenent. deal inp
with the biolwzical and genctie effecta of pollution (project number
.. ="'=11). The characterization of these two shales and products derived
from Lthem in Lthe subjeect of thiec paper, and Is nn interral part of the
Llolwiead stwly,

Spocific osamples nv-atigated Inelwle Entonian raw md spont shalea
obtinted O m Lhe EPASDGE Fore!l Fuel Ropository, mimples of raw chale feoed
SeR and o spent shale from Lhe Paraho demonastrat fon facility loeared at
Anvii Printe, Colorado, and a raw shale sample retrieved from the Mahapony
z-ue of the greon River format lon in Gartield Coumty, Coloradn, The
Eotoniati raw ahale sanpley smd both Parahe shale siaples aee the subject of
aneel inbatatlen stulles bedne carriel ont ot the Los Alamor Yt lonal

Laboratory.,

EXPEE "MENTAL TECHRIQUE:S
A. fnli-n

1o Hewtren Aetivat don Analynie,  Neutron aetfvation analyain (NAAY i3
e o ke medt et ate el 2ol fab!e methods of analyaing: for tpeaee
olements s natura! mterials, The mothod relies on productlon of unst able
nuel e by neatrn Srealiation and subpequent, emlsaton of gamen radiat ton
e dne cheeay Yoo 2l De alate, amma=ray deteet fon and measurement gpeo
Pl hed Wit h o et LD getecter, L 42 o nondestrust ive Lechn jun in
B et e, anel b the cwdvantaee that. many olemaentt ean e obaerved
aim vaneeuzive owever . Lhe moetheed 1L et aepajt jve to nome o]l emontn,
auch ar it en, xyeen, alvieon, amd lead, bt thian e often an advantage,

A Pl of each mample S teanatforred to o eloan 120 (n, dim, & ml.

periyet by tene ralb iy viat, Mter weipght oond ample pumber are
compnter=tile o Lhe rablats are pneumat fonlly nent o an brradint fon
et len with approxinats neten flux of o x TR u/m:‘-'. for 20 v, The

sample 42 then Plews into o Larse delayedenom eon detector 1 uranium



analysis is desired, and after u 20-min delay, it is transferred
pneunatically to a positinn in front of a Ge(Li) gammn-ray spectrometer.
The spectrometor measures the gross gamnme-ray spectrun atitted by the
sanple, The counting time is normaliy 8 min, after which the accumulated
an%6 channel spoctrum {s recorded cn magnetic tape for later computer
anxlysis. In this initial Go(Li) sca), short-lived [sotopens >t sodium,
mathecium, alimimem, ehlorine, potassium, strontium, ioaine, barium, nd
dysprosiua are identified and quantified

To obsrrve lnng=1ived isotropes of various »lements hy 5o Li) et Ineg,
ke cammA=ray apectrim zust be recorded for loncor timen, The - lmine

Farametars geieg L9 assay naturai materials are riven bolew,
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1:4° and/or 1/8° per minute, toger. :r with aeclected combinntions of scale
fuctor: and time ronntants, permitted xecellent acnsitivity of peak
deteetion. In realing the {iffraction patternas, all peaks were roecorded
whizh exhibited connictent intensitien pgreater than wwo stundard deviations
bove hickgreunt, Critlion: overlapping peaks wore resolved with the aid of
a Mulont curve reaulver, Al lndexineg was aceomplished by referonce Lo the
mineral aubrils of Lhe general! OO powder diffeactien rile, Al
refieetinong within the pattorpg were {dontified, oxeepl the occaniona! weak
or rrae phases, Fer thase alneral eonatitusnts which were okvious!sy
Fenbers of an renerphcus cerdes, the Laltiee paraseters were alae obtalined
oo gbliohk the relstive poritions of these phasea within *he gerion,
Faira o where e of e rmoiadl ive abulidaness of s pinera! constituents
Py campamin Wlee boelercund mermnl s Sed intensit e o he stronseor

Wl etoner v Em et e,

" P, ieres cpy, Ceaniine Flooteen Beeogseopy, and Eleetren
MUoe e ke Annivin, Shac o wumplen o are partially cut with an abrasiye aaw,
ahid hen broken throwseh the wmw cut ty alnimise saw borr aaberial leas,
T rmpheoare ploeed e Y dn, Hom, mel 0, and vaculPeepnxy=pot teed,  The
T L s e pper dPeseEe o = e te LD mar Sen= sopnes L) ynids
Wit «jmav, The mmpier ore 'hen cdven o metallopraphie peolich amd 2 "%
A, U e et ek, Terd e marks are placet on the mmpls e help
P iry Layers am! o tepsatame areas,  The nomp-les aee oxaméined with a
Fotallorra) !t and phoetonieregraphs and macrographs ore taken, The auap!en
1 Chen SPYeEDS o, o] Wit g CoateneRelter Ficell I'mimfon Sennning
et PMerese e ooquipped with an ortee Fnergy DMepersive Spoctroneter,
A RN aeeelertine voltare {1 yped With o e (Lincter of A0 A, The
SR ovenel e g vV Aand fhe BT apatial resclutbon 1s o o, depend-
it oL ke Pt o Chee eloment, The EIN' energy rezolution 1a 1 oY
ST o't b g P ok thee M Ka Like,  Fiel ! emianien &

MU e PEnt e g ¥R beeauge Yhe electran be;m o1 not atable:

P e g Joeoais =% cabk o trov e wielfu, ntrmnt! on, A emell partiele in a
ot cF Ntferent cowpesition wili not be quantita® fvely analyzed even
Wtk g ctal-le e o Bleetron oxcitatln o of ehairieteriatie x rays ol so

B Lo laree brensstrabiune bieckeroumd and, Lhea, very loang counta are
Forpdarea] to s ltain pegka trem elonent preasn® at lean Lhan 1778,



Sediment layers of the oil shale were evamined At marnifications of
5002=10 000X because many of the trace elrments are preannt as rdiscrete
submicron particles, FEIN annlysis are made of 2 particle nd it: immediate
environnent . Low=masnificatian EDS analyses of typizal layesrs are alze
cbtained,

i, Flscker Aczsay. T raw Eaxtonian chale and the green Klver zhaie
wWers nesayed U vtent bty the modified Floeher .|.-'..'.:|','!. The Estonian
shaise contnir.: vellens per ton and the Jreen Kiver skale azsnysd ot 06
cailene per toc. The re o valnes empare well to reporte:! '."nlu-'n'",
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LT,

U LEen gl g pertaes af the rawoand spent shalee, Theee
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that allows only certsin atomic emission wavelengths to impinge on the
instrument's phintomult:plier tubes, One multielement standard is used for
ull calibration=. The analysca are made by standard analyviical procedures,
It" an clement of interest is not Included on any cassette, the inatrument
oan be nperated in a single=elaient sequential mcde,

Tyrianlly, three repliecates of cach analyte are obtained with the error
in tL¢ meacurement being ¢t he root maean square Jdiviation., 0Of courne, the
l1imit or Joteetion of each elemert :lepends on such variables as sample
rompenition, but repreaentat ive deteetlon 1imits ranee from | to 100 ppb
far oeleaenta etermined,

<. Chrematooraphy=Mase Spectroscnpy 20C=MY, The GC=MT method
Plogared In "her Next et ion wag umed Lo charaateriae orcanic econstituyents
S0 thee puent Lewecianten,

S

e temran . Reteronies cmpopnds were obtained from commercial
soursar and were purifiod o required,  Selvents used in the extraetion
Ste were ol Lalned fron two saureen,  Cyelohexane, tetrahydrofuran,
mothylene ehlerid, Aarthansl, hexane and aeentonitrile were obtained t'rom
Yar itk oant D oqren it D e dn flassY. ALY other smnlvents wepe Eastmon
white Loled opgde, oxeopt s thann! | which waga 20 proot (U,5, Industria
Toemican o, NHew Yoo The limet byl aultex] o wazn Aldrish pold lalvel]
el Wit It cver LUinde A meTeoglne steves betore une,  Reapent. grade
hay i U Amaut e, hed moand matropen were dried Ly pansape throuch Linde
VX meleeulmr Sioven bhefere poe,

The Parabee crete shale od D (Parabe 20N ja o compoaite sample of an
sy 0 bharres cdempeatrat ion rum t'ram the Gievelopment Engineoring ine. pilot
oot ety operated at Anv Ll Mants pein Rifle, Colorade.  The asample
Wi ol faned from Che EPACTCOE Fostll Fuel Reponitory U oak Ridee Natiorp -1
iabergt ry ccRNL L The Extopian raw ond apent shalen weore alao obtained
fr= the LB Rejw mitary,

e etentan maw o alale war ot et ! ustng the modlfled Fineher .-m:my‘.
gh Che e ope fueed Prom Vhat retorting 1 n deatpnated an Estonian Fischer
ellon than poger,

. Egu
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alkane distributions of the oils were made on a Hewlett Packard S71CA gas
ohramatograpk equipped with flame ionization detectors.

3. Compound Identificetion. The Gf=MS was operated in tha el.~ctron
ionization mode. A 30 m. x 0.25 mm WCOT fuse? af!ina column coated with
SP-- (J & W Ecientifie, Grade AA) was interfaced Lo the mass apactrometer
by insertion Lhrough graphite ferrules in the GC oven compartment into the
lon source. The fused silica column vented directly into the lon source
for maximum sensitivity. The mass aspectrometer was controllea %o scan from
2% anu to 0 mu in 7.2 see. The pas ehromatorraph was tomperature
prosrirmed frem ?:'\" e 1o % ¢ oat a® o'min, Col'xmn inlet pressure wag
maintained at 17,5 pric, whi-h gave a colimn linear $low velocity of 01.¢
em/ S, measured by the petonticon Line of arrcn,
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ITI. EESULTS AND DISCUSFINN
A. Analytical and Physical Characterizntion of folids

1. Neutron Acztivation Analysi=s. Analytical results for sclid samples
of raw and spent E:ztanian shale, a typical Green River formation raw shale,
Parako spent. shale’, Tosco spent shale® and jecidental spent shale® are
listea in Table T, Elemental alum-dances in the raw shates indicats mome
major dilrerences in the Estonian sakale compared to the (ireen River shale,
These differencea appear to be correlated with differeness in mineralcpy
(to be disrusased) of the materinls, that s ultimately traceable to
Jifrerencea in the Jepesit lonal environnent of the gediments,

Fximination of the majer eolvments indicates iesser smounts of aluminum,
matnesium, and sadium in the Fstonlan shale compared to the green River
dhale, whiile *here are aoparal!e amounts of cal-bem oand lron,  There
rennlte are eongiatont with the minersiony 1¢ be diseussed,  In ddition te
tha mallior quantity of magresium, the Estenian shale containg o
detertalle quantities of Lthe alka!line earths, barium and strortium, in
roR rast 1o the Graoen Kiver ghale which rentalng approximately 800 up/y, or
there olements,  cbpor alementa: derficienciesr in Estanian shnale compared to
Jgree Rliver ahkale cecur e oareenie, ~oball, rare earth elements, uranlum,
v ctium, and sine. The eniy cioments with {ncereared abundaonces compared
v ureen Kiver ohale are Ve halogens, chilorine and breminie, Indieating the
Poeone et ol e deperitional onvironnent.,

From Lhes data, a meaaurs of the offect of progeaaing® on the elemental
abt welanees o the spent shale compare-l to the raw shale can be determined
by ex.minine Lhe ratls of Lthe abundanee of an element. {n the apert material
tee Lhe abundanes of tha' slement {n the raw material,

h a yp’y Bpent
u/# Row
TRy par seter g0oan Al gt jon ot the wedglt. 1o of the shale due Ly
retoptine, ated i oaraeeiated with the organls extractlon and cartounate
des A ity Ther et K ovalue for ali elementt dotermined by neutron
AT el Y W 1Y o Fatonlan ahale, 1,70 for Paraho shale, and

Ter s Oop decigent ap ahnie precosted by vertical nodified ln aitu retorting

*Faral s amd Tomed processed are above ground retorting proceases, while

Cerpdontal 1. Chale Iee o proeeas 18 o vertieal modified in situ method,



(VMIS}), It is difficult to determine whether the asimilarity in R values
for Estonian and Occidental materials are s consequence of retorting
process similarities or the larger weight percent of organic material in
the Estonian shale.

2. Infrared Speatroacopy. The majcr infrared sbsorption peaka mre
listed in Table II. The infrared apectra of the Estonian raw shale and
Paraho raw shale exhibit similarities expected of two carbonate matrices,
Botl spectra contain C=H stretching frequencics indicating the oil bearing
nature of tke so0lids. In addition, hoth spectra contain peaks that can be
assignmd as C=0 atretching and boanding modes, Both spectra alco exhibit a
broad peak zentered around 1000 en~ that is asnigned aa Si-0 stretching
froquency, due tc the variety of silica containiing mineraleg in both types
of shalea,

Coaparizon of Lhe FMarake raw shale spectrum with the Parahe sapert shale
spectirign indicates that nojer dlarupt. n ot the carbenate aatrix did not
o' for this sample na a reay .t F faraha direr® mode rerareing, M the
baria ot Laboratory work arcomplished with Green River ahalu"'m.
atutyinge rarkenate deermpar!it i pog Y oske, empernaturea I oXeese of
#2" ¢ wern net mxperienced Ly rthis soaple,  Frequensy shifts for Ca
vitrationn! acdes wore pot aete ! and intensi'y chamts: w@ere pininmal .,
Infrare~d apretra of Estonian raw atal apent shale, however, exhibit obvioun
HETereneen sulpea® Ing maor alterat inn af the orl-inal mineral matrlx,
The Cat! ateetehing Frequentios have decepenrssd {2 1ntenaitr iog but have not
disappearad cempiotoly, The reglon of the Si=it stretching: fraquencies had
broadens, auyert ing more variatiecn in the alnersls containing this
meity, The Eitenlan ape?? =kale alio haa a very larye, brond peak in the
Wil 2tret kg regien indi-at ing rehydrat ion of sinerals aflor pr- essing,
Thegse data onreelites with Reray 4Iffr: fon nforaaticn te be direuaned,

o Xebnuv DI'iffraetion Stidiea,  Xeray datfeact pon data haat beon
lfaired for the Fatentan raw atel sopent abgle atd can be compared with the
averane Ainerag o caoAperition of abale frem the Groen River formation, Tabls
ID tamrE the mgp o Aner phiaces s lentiried in Eitonian raw amd apen?
shalea ant the aver o ampesition - Geesn kKiyer shale,  Compariaon of the
raw Chnter b ated That fdepe are culbstae ! i ffesopese n the
infivitu! =ipee e presnt, altlbeg'h ke mane rock matrix in both easen

iz carbenn?e bgtof, The B nian sleie miner il Satrix 1n ssaent al iy



calcite with a-quartz being the next predominaont mineral. In contrast, the
Greer River shalc is predominantly the mineral carbonate dolamite, with
lesscr smounts of calcite, although the relative amounts are varinble
throughout the resource, Afteor the carbonat.- minerals, the next :ost
abundant mineral in Green River shales is a-quartz. A rough estim.*c of
the relative atundance of this mineral in the Green River shale aompared to
the Estonian raw shale can be made by peak height comparisons of the
a=quart2 (101) reflection, Based on experience in this laboratory there is
two to three times as much a—quartz in Green River shales ecllpare& to the
Estonian shale that has been examined. In addition to these major mineral
phases, both shales have minor amounts of clay minerals, feldspars and
other asilicates, and pyrite. The major specific differences are greater
quantitlas of feidspathic mincorals in the Green River shale compared to the
Est-rnl-n shale, includine the abaence of rodiim feldspars in the Estonian
mater:al., There also appears to be a greater qrantity of clay minerais in
the 3r:--on R.vor shale compared to the Estonian shale,

The camposition of the Estonian spent shale provides insight into the
proeeasing vendlit iong oxpericnec:d by this material, The mineral ~ontent of
Lthis naterial supgents reterting tempeoratures that are higher than opticz'm
tenperaturces for surface retorts (Paraho, Tosco, Lurgl) used in the United
Statez. Major disruption of the orig.nal mineral matrix is indicated. The
occurrence of portlandite as the major phase, the appearanze of minor
amoun's a2 akermanite/gehlenite and dlopside/augite solid solutions, and
the relative dlsappeacnnce of calejte and quartz indicate retorting
conditions that resemble (eceident il 0il Shale, Inc. modified in situ (MIS)
precess,. In Green River shaler proceased by MIS technology, caleite
deconposition oeccura above 1076 K along with a ¢ mpeting rner.lon:“"”. It
has also boen recognized that celeite reacts with a=quartz %0 form culcium
ailizater or, perhaps with feldspara, to form caleium aluminum silicates
(akernanite/gelilenite or divpnlde/augite s0lid colutions),., It ia apparent
that the Jdisappearzice of minerals during processing can be accomplished
throuzh a variety of reaction pathwnys, which are determined by process
variables such as maximum temperaturs, time at max'‘mum temperature, heating
rats ‘kinetien of solid astate reuctions), and retort atmosphere,

Within the context of the potential 30lild state decomposition and
oiliration reactions, the mineral composition of the Estonian spent shale



is eonsistent uith thh miseralogy of the rew meterial. The niveral
portlamdite, h(m),. is probably the result of ussthering or lesshing of
lime, Co0. Tim CaD is the produst of hﬂ, deemmposition. The ealeite
,oould be a survivor of the retorting process or a regmeration produnt als
resilting fram the westhering of lime. The ninor phases, skernmite’
gehlenite sad diopside/mugita solid mlutions, indicate that smme of the
saleite and g-quarty have resated ts form' silieates. Thia definitaly
suggests tamperatures a excess of 1110 E for the retorting of this
naterial. The mineral ettrisgite, Cagll,(80,), om,, ‘ 24,0, wms the
oniy iJestified sulfur containing uineral in the Intoni- 1 speat ;gterial,
Thic is in scatram to swfaer amd in gsitu spent shales from processing of
Green River simle uhere mhyirite sd gypeum, l.'nll. ad :1.11,.'!!!‘0
regpeatively, ara the anjrr eul for nicerals., The jredeninamce of *he nore
ecapl i aten eal-2'm aluminm ML Tats hyi= 2= Ryirat- =gy almn be 2
conss juspnoe 3 weatharing nr lewning processes. Beraure kEistorical
docunentart fon of the studied matorisl was not wwaillable, sEg-ctions
regardiny the coewrrence of ninerals in Lthw Estoniam speat shele are
gy, Lt e,

&, M=mmnipr E-'ror M~rce oy Iersy Tigpersiye Spectrinetry,. lares
tarted shale smpiers fron the Eahotmy zone relricysd from Gerfi=id "y,
Gowere \ininel by MIN-EI7. Lew mninif!=n"{ 'n s~ann ~f specinenr
indi~ated 31liron and caiziun 8 e Bt ~gmon elemrn*r pressat,
ALuwinwvi, Renenim, potagniuwm, s Iren were dlas feiriy sbupdas® , ad
i anl 2l WP jresert QB R opeifedts. Ther Zaiiee wnn prohakly
frewal W A Zreater dedree Yan ied! -t el beecquse it leteed i,
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illustrated in this photomicrograph. Relative amounts of trace elements in
regions 1, 2, and 3 are indicated by x-ray intensities from EDS. Figure 2
shows the identities of the major minerals in the matriz surrounding some
kerozen material, No elevated trace element concentrations were noted in
this aren.

The Estonian raw stale sample that was examined has a much higher
kerogen content than most Green River shales and this fact was obvious
during SEM socans. The Green River raw shale is essentially a rook matrix
with =mall poakets of organic material inte-speraed. On the other hand,
trhe Estonisan raw shale on the microacopic lrvel appears to be organic
material with mineral matter dispersed throughout. The low magnification
scans, an example is given in Figure 3, indicated that caloium, silieon,
alumiries, ana rorassium are the most abundant rlemonts, No sodium was
Latgrsod ip theao acann,  The aul fur deteetad in the low magnification
Eaan® Was undoubtedly due %o Kerogen, The dark areas in Figure 3 are
keror»n md are much mcre abundant than in Green River shales (e.g. Fig.
1'. Trace materials found generally contained Fe and 3 (Fesz). and usually
oceurreel as zmall redules, Very small areas of dolomite, always associnted
w:th the calelte, wers detected, Figure 4 identif »3 some typical areas of
G 10, x masniri-ation sean and the anundance of kerogen is ugain evident.
Firure 5 la a photomicrograph af an area abundant with kerogen, but with
very thin, wispy iockineg, areas of mineral matter separating the kerogen
areas. The ERC analysis of these areas gives clamentcl abundances that
cuyent thant thin “hreades of elay minerala are interwvoven through the
orranl: materlal. Further work is in progressa to substantiate this
obdervation as a genera! phenomenon.

n genura:, %he MEM=EDS information corroborates the mineralusia data.
Frum thean data, it 13 obvious that there are important dirferences in the
mir.oral empwaitinon of thege shalen, probably indicative of different
depositional envirsnaenta. There are olso differences on the microsocopie
level that arlse mmnly due to the wide varlation in kerogen content of
these raw ahalea, The mirernls in the Green River shale enjoy intimate
conta~t as the malor part of the shale matrix, while the minersls in the
Entonian shale are widely disperscsd through the orgunic matter. These
differenres on the microscopie level impact the extent of solid state
reactions whi-h occur during proceasing. The more intimate min-ral matrix



assogiated with the Green Rive~ shale should favor solid state reactions in
sddition to ocarbonate decamposition reactions, compared to the Eatonian
shale where solid atate reactions would be more diffioult.

B. Leachate Characterization

1, Inorgenios, Analytical rezults for Estonian raw and spent shales
and Paraho raw and spent shales are listed in Table IV. Camparison of
leachates generated from Estonian raw and Paraho raw shale indicate little
difference in specific conductanoce and pH values, The major difference in
elemental analysis is that the major cation in the Estonian leachate is
calcium, while the major cation from the Paraho shale i3 sodium, The
difference reflects the laak of sodium minerals in the Estonian shale
camparod to the Paraho shale. The high inorgzanic carbon aontent of the
Paraho leuchate suggests that this leachate is essentially a sodium
carbonate/bicarbonate solution., Other differences in raw shale leachates
are exhibited in several trace element ooncentrationa. Boron and
molybdenum solubilities are greater from the Peraho raw shale compared to
the Estoniaen raw shale. Most other major and trace element concentrations
are comparable for the Lun raw shale lccchates,

Examination of the apent shale leachnte compositiona sursgests
differencas in processing coudirions that correlate with the mineralogy of
vhe shales. The higher ecnductivity of the Eatonian spent shale leachate
compared to the Paraho spent shale leachate indicntes probable greator
dieruption of the mineral matrix during retorting for Eatonlan shale., The
extent of carbonatu decomposition 13 also suggested by omleium {on
concentrations, which are much higiher in the Eatoninn spent shale leachate.
Processing »f both apent shales appears to have had very little effact on
the other major or minor cations, For example, boron and molybdenum
goncentrations were relatively unaffected in the Paraho materiala. The
only excepl.ion ils the lead concentration which increases in the Estlonian
apent shale leachate compared to the raw shale leachate, Because of the
health und envirommertal water quul.ty effects ssnociated with lead
mobility, this concentration is undeasirubly high. However, from the
leachate composition this is the only polentinl water quality envirommentul
impact indleated for the Estonion materials,

2, Ceopaniea. Gas chromatography manys gpectrometry was applied to the
leach waters to identify the major orpanic cumponent: present. The organic



material was concentrated by passage through a reverse phase chromatography
column., The column (C18 Sep-pak, Waters Associates, Milford, Mass.) was
eluted with 2 mL of ethyl acetate, and the ethyl acetate concentrated by
evaporation to 50 uL. Five microliters of the concentrate were uasd for
the jdentification. The aompounds identified in the leachatez are shown in
Table V.

Phenolic compounds are the predominant species in both the Estonian raw
and spent leachat:s, The spent shale leachrte contains more phenolio
compounds than the raw shale leachate. Mort ocoupounds are present at the
10 to 50 parts per billion (ppb) level, the exceptions being phenol,
5-methylresorcinol and resorcinol which are present in the 500-1000 ppb
range, These waters are charaoterized hy very few nitrogen or sulfur
contalning organic compounds.

3y comparison, the organ!u portion of the Green River spené shale
leachate is predominately aliphatic acid compounds from acetic acid through
hexanoic rold, Phenolic compounds are of little oconsequence in thias
leachate. Nitrogen containing campounds are the second moat irportant
class of compounds, with the amides having nearly as high a concentration
as the carboxyliec acids, Aliphatic hydrocurbans are the third most
concentroted class of compounds followed by alkyl substituted pyridines.
Both of these classes of compounds ai'e of low cunoentration in the Estonian
leachates., The differences between organioc components of the leach waters
of the Estonian and Green River shaies arpear to reflect a busia dif'ference
in the organic structure of the kerogen involved, and do not appear to
reflect differences in retorting procedures. Further work is required to
verify this assumption.

C. Oils

1. Qualitative Characterization. Experience has shown that extraction
of raw shale with various orgsnic solvents can show differences in kerogen
structure between the lhnloas. A suite of fifteen organic solventa were
used to extract both Estonia and Green River raw shales, The results of
that extracti.n are given in Table VI. The primary difference between the
shales is the inability to solvent extract any aignificant portion of the
Entonian shale, as compared to the Oreen River sha.e.

Flschor asaays of the two olls shows the Green River shale to have an
oil yleld of 26 gallons per ton compared to 93 gallonas per ton for the



Estonian shale, This means that the Green River shale contains about 9
weight percent retortable kerogen, and the Estonian sbout 32%, The maximum
weight percent of the Green River extraoted bv tatrahydrofuran (THF) is
5,43 or 60% of tha kerogen present, assuming no inorganic species were
soluble, The Estonian shale, on the other hand, is only 3,8% soluble, or
about 12% of the kerogen is sdluble in THF. This would seem tn indicate a
different form of both kerogen scructure and kerogen bonding between the
two shales,

This hypothesis is further supported by apecific compounds derived from
tho shalesy as discussed below, and the observations of diCferent relative
orders of organic solubility rSr the two shales, TIf the solubilitiesz of
the .hales in the various 3olvents are ranked from highest weight percent
‘solubl> to lowest weight percent soluble, the changes in solubility as a
function of shale become more apparent, For oxample, acetone 15 a
relatively good solvent for Green Rlver shole. ranking fourth, while for
the Eztoninn shale it ranka thirteenth., The {denti? ntion of speeciflc
scmhounds extractind by cach solvent is yet to be comploted,

The oils obt:rined t'rom Fiscner assay of rav shale are renerally
reewenized as not typlaal of process derived ol=1. Lut are reasonshle
approximaticns of ofil obtalned rrom dlirect mode retort procenras sueh an
the Paruaho or Kiviter proceusca,. Oceveral lifferent characterizaticn
procedures were applied to Lhe ollx, including clementnl analysi: ror
carbon, hydropen, and nitrogen (Table VII), ringerprinting by glaass
eapillary gas chromategraphy (GC) (rFig, 6), determination ot normal alkane
distpelibution (Fiega, 7,8, and GO simulated diztiliat: n IFipe, 9,

The elemental analyaia for S, H, an1 N are a characterintie of ofla
udeful for many englneering proceng cepputa’ tone an well az bami ~hemical
infor=a%i{on, The two olla are quite gif'ferent {n earton/hydrocen pativa,
The 4ry Eatonian Flacher oll han a /N ratice of 8,0, while the Parsho /01
ail fa 7.6 Thiz Hternes I CZH 0 atios I probably due ta A froreneea
in Jegree of amturation, ag syldon-ced by the pomal alkane distributione
and the spectific compeunt concentrat fonn diacussed belew,

The plane captllary 3 cbeemat sprrme for the two otls pewn tn Flepuare s
eraphieally {lluntraten Lhe G fferencen bntweon the twe oale, The
=l Kot an the Parahe 2ample are gimecdbated theopetbongt e sean whiile

thi-ne in the Frtonyan are cencentrated in the lower Lofling porticng of vthe



ahromatogram, The peak at » 21 minutes in both zcans is an artifact
(t-butylphthalate) from the solvent, Both oils are at nearly the same
concentration so vhat peak height is a measure of relative coneentrgtlon in
these samples. It is apparent that the Paraho oil is a higher boiling oil
and containa a greater concentration of high molecular weight n-alkanea as
compared to Lhe Estonian oil, Thia difference iz reflected in the n-alkane
distributions (Figs. 7 & 8 and the simulated distillation aurves® (Fig. 9)
for the two oils,

2, Guantitation of Specific urganic Compowda, Tables VITI and TX
contain concentrationa of aelectnd campounds in the two oila, These
compounds have been determined {n a number of oils, and are not intended to
be insiusive, but rather {ndicative of 3elected compound classes,

Theere 8 littie Jdifference between the two oils for the PAll's and the
nitr wton hetopseyelis compoundz determined,  In general, the coneontrations
in the Estonian Fischer oil are alightly higher than for the szame compoimda
in the Faraho oil. Tho major difference 13 to be found in the phenolic
sompeund:, which are major coratituenta for the Estonian ofl, and minor in
Yhe Parabe ofl, The prependerance of phenn!lie compnunds found may account
tar Lhe proator defree of maaturat.ien found tor the Eatonlan oll,

v s diftioult to inter atruet 'al differences in Kerogen from
anal yaia of Lhe derlvaed ofl, but it would seom likely thut the kerogen in
the Extonl.n shale ~ontaina a large amount of oxygen bridges. Further
characterization of Lre oala {8 necenaary Lo vorify this hypotheais,

IV. CUMMARY

Although nnly o single Estoninn raw shale gample with an unknown
hiatory has been oximined, phyaical and chomical charnetoerizution of thia
material han been geecomplished, A comparison with a representative tireen
River fomat lon raw shale haa been mrade, The results suggest the
roll wing}

. Elomental nnalynilz tndicates that the major elements, aluminum,
maghentum, and nodium ares defiafcnt in FEatonian shale aompared to
treen River shale, The minor eloments, barium and atrontium, and the
Lrace slomenta, araonie, cobalt, rare sarths, uranium, vanadium, and
2lne are alao detietont. in the Estonian shale compared to the Green
River shnle,



Green River shales contain greater quantities of clay minerals (mainly
{1l1ite) compzrwd to the Estonian shale. Illite is a suspected
residence o{ many °§ the envlronmegtally senaitive trace elements such
as fluorine’, boron”, and vanadium™,

X-ray diffraction data suggests that a-quartz concentration in the
Estonian material i{s two to throe times leas than in typlcal Green
River shales,

The suite of minerals in the Eatonian zpent shale sugpests extreme
proccessiug conditions. Major disruptiou of the mineral matrix
(carbonate decomposition) and solid state reactions (ailication
reactions) require temperatures in =xcsaas of 1100 K.

The presence of portlandite and ettringite {n the Zstenion zpent shale
inf{icatan renydratinn of mineral phases from leaching or weatlering,
This probiily inpacis the results of aqueous teachiny experiment:,

TMM=EDT rezulte Indicate the intimate contact of the minerals on the
micran level Ip Lhe Green River shalea, Mineral grains in the
Extontan ahale are Hapersed the athout Lhe opaanie Aater{ial, This I
reflectod 1n the relative lack ef ailization products
(akemani.egnhlerite and dlopaide/augi®e 2ol ld sciutlonst and
predoemiinance of carbonatn decomperitian producta in the Estonlan speat
material,  Joldld atable mineral reaect.obls are probably Aiffcult n the
Ertenian matrix,

Apzeour Jeaching eXrerimesnta indt-cgte Teid melilovy e e Etontan
gpent metors g e gt e saneentrations Chat oare e carably ek,
This beravior an been peccpnized dn ather ahales abiere Agier
Hepgptdon ofF Lhe mineral matrix has oceurred, Thia could be o
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Carbon/hydrogen ratios {or the two oils sugzests the Eatorian Fisaher
oil to be more unsaturated than the Paraho olil.

Normal alkane diatributions for the two oils show that the Paraho oil
contains relatively more n-alkanes than the Estonian Fischer oil.
These n-alkanes in the Paraho oil are distributed over a widar number
of carbon atama.

Simulated diat{llation curves clearly show thal the Estonian oil is a
much lower boiling oil than the paraho olil,

The concentrations of 5i selected compounds in the two oils are
similiar except for rthe phenolic compounds, In the Estonian oil,
Fhenols are major conntitutonts, while they are minor in the Parahe
ail,

The concentrations of 16 selerted PAH's are similiar in the two oils,
with Lhe exeeption f benzolalpyrene, whic:h ia over 10 times more
cothsmtrrated in the Eatonlan oil,
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Major, Minor, and Trace Elemental Abundances (,g/g)
for Estonian nnd Qreen River Raw and Zpent 3hale Solidr
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Estonian
Row

3300 w,br
2Q00 sh

SRE0 m

157 w, br

‘ ;-l".‘ l‘! [ ] br

8A6H W
760 W

b lal )

- et ey S e & A

Rl epend: s

TABLE II
Infrared Absorption Peaksa fqra
Raw and Spent Suales (in cm™ ')

Eatonian Paraho
Spent Raw
3620 sh
3300 va, br 330u vw
2920 m
20850 w
2500 w
1600 sh 1800 w
ue0 m 1430 &, br
1000 3, br 1070 s, br
870 s
770 W
7€5 m
60 w
580 m

stromnl, m = moderate, w » weak,
shoulder, bi* & broad.

Paraho
Spent

1400 s, br
1050 a, br
870 m
770 w
720 w
640 sh
57C w

''w = very woak, sh s



TABLE III

X=Ray Diffraction Results for Estonian Shale Samples

Estcniana
Raw

Calcitéls)
a=Quartz(m)
Microcline(w)
Fyrite(vw)
Mica(vw)

Unident] fied(t.

aleuend (relative phase content):
very mlrior, t s trace,

bNumb--rs ln parenthesies indicate average

Estonian

Spent

Portlandite( g)
Calcitel{w=m)
a=Quartz{w)

Gehlonite/Akermnniteiw)

Ettringitolw=m)

Diopalde=RAuglte{vwl
Unidentified( vw)

weipht r

Green Riverb

Raw

Dolomite (32)
Calcite (16)
Quartz (15)
Illite (19)
Albite (16.

K feldapar (6)
Pyrite (1)

Anaivime (3)

s s mujor, ma moderate, w = minor, vw a

SNt comg asikion,



TABLE IV
Analytical Results for Leachates Generatc”
by Raw and Spant Shales

Eatonjan Estonian Paraho Paraho
Raw Raw Raw Spent

Spee, fond, 1,000 10,000 1450 3750
pH 8.69 12.62 8.86 11,97
Tnorg. C. 2 1 114 1
Crg. C, 10 A3 50 12
Al 0.163 0.57° 9.510 c.233
Ray 0.04% 0.770 0.514 0.368
B 0,47 0.0h 1.37 0.93
cd <«0,01% <0.015 <0,02h =0, M2
Ca 250 1678 19,3 370
Co 0, ni 0.0% <), N1 0.022
C; n,0n: 0.0Mh 0,001 0.003
Fe 0,0U Cc.03 o.M Q.02
I 0,19 0.80 0.0u G.28
Li 0,112 0.887 0.173 1.04
M 26,1 0.32% 19.5 0.'2%
b AP ] P n,r1! 0.011 G.010
M N, oal 0,168 1.A0 1.2
| w0, N <Q.0%4d «(), 02 <0,02
k |1 L 16.% 10,1 65.8
i 1.7 0.37 1.9C 1,87
r 0.7 7.6 0,700 4.54
ki i 16 293 180
- n,non 0,02 o, nnee 0.005
v 0,014 0.044 0.003 0.029



Phenols

Phenol
S=methylresoreinol
resorcinol

catechol
2,%-dimethylresorcine’
b, 5-dimethylresorn.
athylresorecino!
n=-propylresoranol
n=xylenol

p=Xylenol

c=napthol

g=Xylono!

l=naptho!

naphthal!vwne
rhepantheene
anthricene

! oronoe

ey ounds withiin eachy o}

conten'rat lon,

onoare

Table V
Organic Compounds Identified in Estonian
Leach Waters

Amides

acetamlde
butamide
propionamide
acrylanide
benzamide

Acids

caprois aril
propionic acid
lineoleic acid
steric acid
olole anid
heptinoie neoid

Qther Compound:

l=0crtano!
thiophene
quineline
1=rcoanoi
fsoquinoline
pyridine
m=methylpyridine
o-methylpyridine
carbasle
acridine
p~meothylacriiine

1{ntn{

in order of dooragilnge



Solvent

Acetone
Acetonitrile
Renzene

Carhon Disul fide
Carbon Tetrachloride
Chloroform
Cyclohexane
Dimcthoxymethans
Ethyl acntate
Ethyl aleohol
Hexane

Methannl

Math:vlene ehloridn
Tetrahydrafuran

Toluene

fHopulls are in purts

TABLE VI
Organic Extraction of Raw

Anvil®
Points
Raw Shale

20. 46
9.73
20,78
uz, 6h
17.34
16,81
14,10
18,09
135. 16
13.9°
11.31
16,18
7.9
54,07
17.08

per thousand Lotal shale

Shale

Estonian®
Raw Shale

sxtractoed,



TABLE VII
Elemental Carhon, Hydrogen ard Nitrogea
Content af Estonian Fisher Assay 0il and

Paraho Crude 9il

Estanian Fisher Parako 601
wt.%2 C 76.58 84,46
wt.3 H 9.2” 11.15

wt.2 N L 2.21



Polycyrlic Aromatic Hydrocarbons

Lu.pound

2=Ring
waphthalene

3~Ring
Acenaphthylene
Anthracene
Fluorene
Phenanthrene

U-Ring

Chrysene

7, 12=Dinethylbenz{ a]anthracene
Fluoranthene

Naphthacene

I'yr-ne

G=Rina

Benzc. alpyrane

Ben=o! e]pyrene
Pibenzla,hlanthr:-ene
I=mmethylehiol anthrene
Perylens

6=Ring
Benzol g,h, ilperylenc

TABLE VIII

in Crude 0Oils

Estonian
Fisher

672

U7
986
114
/42

52
2.7

u3
6.8

117

192

61
1.4
1.1

bR

3.6

Paraho
601

397

693
480
203
526

33
u.7
57

1.2

200



N-RETCRCCTCLE

1 R[35

pyridine

e-r="kyl pyritine
2-rathyl Lyridine
A-mettyl pyriiioe

2.5 . 5-trimethyl pyridine

2 RIS
Iscquinoline
quinoline

RINS
scridine
A-azafloorene
benzol £}yuinoline
beazolh)Juinoline
ocsrbezole

phanasthadine

& FING
T-azspyrene

S-EETEROCYCLE
Benzo (i thiophene

" 2-asthylthiophene

2 -asthyl-5-ethylthiophene
thiophene

E=1aline

_Fl L

a2
$r
=22
33t
2158

on
N

21%
132
157
m
18
32

1.6

TIME 11

OTHEF C°MPLRDS IS CMLCE CilS

9.5

13
L
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217

s

- ren.i
Cwlrers;
Heke & T i
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D= Dolomite

C =Ca’icit

F = Felespathic
C o e e, Matoarial

S1 = Silica
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FIGURE 1. Scanning Electron Micrograph of an Area of Raw Shale Showins
Maior Mineral Constituents and Trace Element Containing
Conszituents. Trace Element Analyses of Areas 1,2,ane 3
are hiven Below (P57 1, PS? I, arg P52 3),
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FIGURE ' (contd.)
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FIG'E ¢, Malor Mineral Environment in the Vicinity nf Keronen Matevial,
(Lenend the same as Fia, 1)
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Estonian Raw Shale Indicating Major Mineral Constituents.

Scanning Electron Microqraph of a Typical Area in
Elemental Analysis of the Area Is Given Below
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FIGURI 4. Major Mineral Lnvironment in the Vicinity of kerogen
In I'stonian Raw Zhale, (Lodgomd the sape g« Fla. V)
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FIGURE 5. Scannina [lectron Microaraph of Mineral Feldspar
Interweaving Keronen Material,
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PAXAHO CRUDE OIL

NORMAL HYDROCARBON DISTRIBUTION
RELATIVE CONCENTRATION
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ESTONIAN FISCHER OIL
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